Abstract-KY boost converter is a recently invented in DC-
I. INTRODUCTION
Advent of communication and computing gadgets such as Personal Digital Assistant (PDA), MPEG etc., necessitate the boosted output voltage for specific input voltage. For such applications, the designer has to be precise in considering the voltage ripple content, settling time and load transient response of the converter. Conventional nonisolated DC -DC boosting converters tend to cause large output voltage ripples. This can be overcome by using Equivalent Series Resistant (ESR) Capacitor [1] or by adding an inductance -capacitance (LC) filter [2] . However the operation of the converter under Continuous Conduction Mode (CCM) [3] - [9] leads to good load transient response by holding the right -hand zero in the transfer function for that mode which is complicated in practice. DC-DC converters are controlled using various techniques like coupling inductors [3] , voltage control techniques [4] - [9] , sliding mode converter [10] and loop bandwidth control [11] to reduce output voltage ripples. It is evident that these converters [3] - [9] has one right -half plane zero with CCM Manuscript received September 1, 2012; accepted September 17, 2013. mode produces very good transient response which is difficult to achieve.
The KY boost converter [12] - [15] which is a recent development proposed by K. I. Hwu and Y. T. Yau operates in CCM while keeping the output current non-pulsating leading to reduced voltage stress across the output capacitor resulting low output voltage ripples in the order of few mV. In distinct with the non-isolated voltage boosting converters, KY boost converter produces a very good transient response in the order of few ms similar to Synchronous Rectified (SR) buck converter.
In this paper Neuro Fuzzy control technique is employed to control the output voltage of the KY boost converter. The performance parameters are estimated in time domain.
The converter along with Adaptive Neuro Fuzzy Inference System (ANFIS) is designed in the MATLAB Simulink model and the simulated results exhibit a reduction in output voltage ripple from existing ripple of mV to µV with rapid settling time. The hardware implementation of the proposed system for the KY boost converter and the experimental results are discussed in following sections. The main blocks of the proposed system are Positive 
II. PROPOSED CONTROLLER SYSTEM
The average value of voltage or current can be obtained from (3) 
The averaged equations are obtained from (1)- (3) and represented by (4):
where d is the duty cycle of PWM signal of switch S 2 . The voltage conversion ratio of the KY boost converter obtained is given by (5) 2
.
The specification of KY boost converter which we have taken in to account is depicted by the following Table I . We have considered the following specifications to simulate the results of the proposed control technique. 
IV. NEURO FUZZY CONTROLLER MODELING
Adaptive Neuro Fuzzy Inference System (ANFIS) is the implementation of neural network architecture [16] in the inference engine of a Fuzzy controller. Figure 5 shows the proposed controller for KY boost converter with ANFIS controller [17] - [19] for a reference output voltage of 36 V. The input to ANFIS controller is error (e) in output voltage and change in error (ce); the output of the controller is duty cycle (d) which is fed to the PWM generation block whose switching frequency is 195 kHz and the output of which is the control signal (c) fed as switching signal for switch S 2 of the KY boost converter. The output voltage V L and output current I L values are stored in the MATLAB workspace by the sink "itr" as shown in the Fig. 4 .
The KY boost converter realized in Simulink model is depicted by Fig. 6 , whose input is PWM output control signal (c) fed as switching pulse (M) to the switch S 2 and the output voltage (V L ) and output current (I L ) are taken as output to the MATLAB workspace. Fig. 9 describes the general structure of a five layer four rule base ANFIS algorithm using first order Sugeno type Fuzzy -Neural network architecture with two input functions and one output function, whose input function is classified with 7 membership functions implemented during the creation of rule base.
The ANFIS structure [20] comprises three distinct layers namely input layer (Layer I); hidden layer (Layer II to Layer IV) and output layer (Layer V). The input layer namely Layer I consists of input membership functions X 1 and X 2 which transmit the input signal for classification through membership functions into fuzzy linguistic variables in Layer II. In this article ANFIS controller input variables are chosen as output voltage error (e) and change in error (ce); fed as input variables X 1 and X 2 respectively. The layer II consists of 14 nodes, as each input is classified into 7 membership functions to convert to fuzzy linguistic variables. The layer III comprises of 49 nodes, each node representing a fuzzy rule, denoted as rule layer whose function is to multiply the input signal and is denoted by the symbol Π in Fig. 9 . Layer IV consist of output membership functions comprising 49 nodes termed as sigmoidal layer whose node consist of nonlinear mapping imposing bounds on the signal to enhance the stability of the system. The output layer denoted by Layer V consists of output function represented by the symbol C in Fig. 9 which sums all the signals to acquire final inferred result. The input membership functions are mapped to the output membership function by 49 rules through grid partitioning method using FIS generator in MATLAB Simulink® ANFIS trainer and the ANFIS rule base model is portrayed by the Fig. 12 .
The data sets to train ANFIS is obtained from workspace from the PID controller model in which data's namely output voltage error (e), rate of change of error (ce) and the corresponding duty cycle (d) are obtained by executing the PID controller model. The ANFIS model is trained with data sets obtained from the workspace by loading the data into ANFIS trainer and the data is then trained through back propagation technique for 50 epochs for minimum error tolerance. It is found that the error minimizes at epoch 33 during training and it is constant as depicted by Fig. 13 . Fig. 12 . ANFIS rule base model structure. 
V. SIMULATION RESULTS
The results of the KY boost converter with input voltage 12 V; rated output voltage of 36 V and load current 2.5 A simulated with MATLAB Simulink R2011a is shown by the following figures from Fig. 15 to Fig. 17 . Figure 15 depicts the output voltage waveform of existing PID controller [12] , [13] and proposed Neuro Fuzzy controller for a time period of 0.1 second. It is evident that the overshoot in PID output is reduced in Neuro Fuzzy controller output and the settling time of the output voltage is reduced to greater extent by the proposed controller and the measured settling time is 15 ms. Figure 16 shows simulation result of the output voltage ripple for the proposed ANFIS controller in the time period of 0.3259 s to 0.3261 s. It clearly shows that the output ripple for an output voltage of 36 V is about 610 µV which ranges from 36.00025 V to 36.00086 V. 
VI. HARDWARE IMPLEMENTATION
The hardware implementation for the proposed ANFIS controlled KY boost converter with the specifications mentioned in Table 1 is shown in Fig. 19 . The output of the KY boost converter is sensed by the voltage sensing unit by a potential divider and this analog signal is converter into digital signal by an analog-to-digital converter from which current output voltage is calibrated by the microcontroller which estimates the error and change in error from which it implements the Neuro Fuzzy control algorithm and produce corresponding duty cycle from which PWM signal is generated which controls the switching action of the KY boost converter. 
